Background: Postural control problems effect between 28% and 35% of individuals over the age 65 and increases with age. Musculoskeletal pain in the elderly impacts 20% to 49% of people between the ages of 65 and 75, is a leading falls risk factor, and a robust predictor of morbidity. Polypharmacy in the management of chronic pain is common in the geriatric population. Conservative treatment options for balance and back pain are underrepresented in scientific literature.
Background
Low back pain (LBP) is an important clinical, socioeconomic, and public health problem and is the most frequently reported musculoskeletal condition, effecting between 20%-49% of adults over the age of 65 [1] [2] [3] [4] [5] . In the 2002 National Center for Health Statistics National Health Interview Survey of 31,044 adults, 49 percent of individuals over the age of 65 reported back pain within the past year, while 26.4 percent reported having at least one day of back pain within the past three months [4] , with estimates of a lifetime prevalence affecting over 85 percent of individuals [3] [4] [5] . It continues to be one of the top contributing factors in number of years lived with disability, with falls listed as one of the top causes of years of life lost due to premature mortality [5, 6] . The two are linked as LBP is related to a 2-fold increase in risk of falling and an increased difficulty performing daily living activities [7] . Repeated bouts of back pain impact the daily functioning of the elderly patient and the presence of LBP is strongly linked to an increase in fall risk [2, 7, 8] . Within the population of communitydwelling older adults, between 30% and 40% fall at least once per year and fall related injuries are a leading cause of hospitalization in the United States [6, 9] .
The pathology of LBP related balance problems in the elderly is multifactorial including inhibition of core stabilizing muscles, multifidus muscle atrophy, altered muscle activation patterns, loss of proprioception, and an inability to control normal postural sway [10] [11] [12] [13] . Recurring falls has been reported in older adults who have increased postural sway and narrow stances [14] . Individuals with LBP have modified postural strategies when they experience situations that tax their dynamic balance and limits of stability [15] . They tend to exhibit altered response patterns characterized by reduced peak trunk torque, increased co-activation of proximal musculature and enhanced distal muscle activation [16] . The ability to maintain standing balance depends on the functions of the visual, vestibular, and somatosensory systems but also requires proper sensory-motor integration [17] .
There is evidence that the most effective treatment strategy for LBP and balance problems in older adults consists of a multimodal approach of exercise [18] , manual therapy [19] , and behavioral modification programs [19] . A review of 40 randomized controlled trials combining different interventions showed a significant reduction in the risk and rate of falls when multiple therapies were utilized [19] . Exercise programs alone have shown to reduce fall rates in older people by 17% [20] . Spinal manipulation as a method of restoring normal motion of the lumbar spine and pelvis has been investigated in several studies [21] [22] [23] . Normal sagittal spinal alignment has been shown to play an important role in the reduction of fall risk [24] . Hawk et al. published feasibility clinical trials looking at the effects of chiropractic care on balance, dizziness and chronic pain in the elderly [25, 26] . There is a need for further investigations on the effects of chiropractic on pain and balance. The methods and demographics for a prospective, randomized controlled single blinded clinical trial are described. This randomized controlled clinical trial compared chiropractic care to physical therapy as a treatment for geriatric patients with balance problems with or without low back pain.
Methods
This prospective clinical trial study consecutively enrolled and randomly assigned participants between the ages of 60 to 85 years into either a chiropractic treatment group or a physical therapy treatment group. A computer program was used to randomize participants to receive either 6 weeks of treatment (12-18 visits) in either the chiropractic care group or physical therapy group. All participants had self-reported balance problems with or without low back pain. This study was a collaboration with the Saint Louis University (SLU) Division of Geriatric Medicine and conducted at the SLU Biomedical and Healthcare Research Facility. Logan University and Saint Louis University School of Medicine ethics committee approval was obtained for this study and written consent was obtained from all study participants and CONSORT statement guidelines for collecting data were followed.
Participants were recruited from the outpatient clinic and clinical practices of geriatric physicians in the Department of Internal Medicine, Division of Geriatric Medicine at Saint Louis University School of Medicine. Participants also were recruited through retirement centers, churches, grocery stores, community centers, etc. within the St. Louis metropolitan region (within a 50 mile radius of SLU, in both MO and IL). Recruitment in retirement centers and churches and other facilities sometimes involved investigators visiting the establishments to give brief presentations about the study and/or to be available to answer questions in-person from individuals who may be interested in participating in the study. There were newspapers advertisements about this study, too. Recruitment flyers were posted in the outpatient clinics of Geriatric Medicine and in retirement centers and churches within the St. Louis metropolitan region. A study brochure was available for prospective patients at recruitment sites (e.g., clinics, retirement centers, churches, etc.). A letter from the study physician was sent to local colleagues/physicians to inform them of this study and to provide them with materials to distribute to their patients and/or to publicize the study at their clinics/offices. To encourage participation in all of the follow up tests, subjects were given a $20.00 gift card each time they completed a follow-up testing session at 6 and 12 weeks. Every effort was made to coordinate patient schedules with their transportation availability.
Inclusion criteria
Study participants were community dwelling individuals between the ages of 60-85 with self-reported balance problems. Balance problems are defined as the inability to keep one's center of gravity over the base of support during both static and dynamic situations.
Exclusion criteria
Study participants were ineligible if they had a history of recent (<6 months) orthopedic fracture or surgery, recent neoplasm (excluding minor skin cancers), acute infectious disease, or non-mechanical low back pain. Patients were also excluded who had unstable peripheral vascular disease and or cardiac disease requiring recent hospitalization (<6 months) ago. Participants also had to be ambulatory with or without an assistive device and could not have Meniere's disease, vertigo, or vestibular disorders or a recent history of substance abuse. Patients currently using antipsychotics, anxiolytics, and sedative/ hypnotics were also excluded. Patients that were receiving ongoing care by a chiropractor or physical therapist were not enrolled into the study.
Patient screening and consenting
The clinical trial coordinator initially screened interested parties by phone for eligibility criteria. Individuals who passed the initial screening process met with the nurse coordinator who obtained medical and surgical history, falls history and fear of falling, current exercise program, and demographic information (age, sex, ethnicity, years of education, smoking history, and alcohol consumption) ( Tables 1 and 2 ). The use of prescription and over the counter medications and supplements were also recorded. The nurse trial coordinator reviewed the study details with participants and obtained written informed consent. Patient medical records were reviewed by the geriatric physician and nurse coordinator prior to patient acceptance into the study. After participants completed functional performance tests and self-report questionnaires, they were randomized into their treatment groups. Participants were re-tested upon completion of treatments at week six and again six weeks later. Testing was performed by an individual blinded to the treatment group assignment.
Outcome measures
Participants completed both functional performance tests and self-report questionnaires related to balance, pain, and quality of life (Table 3) . Testing was performed at baseline, after 6 weeks of care, and at 12 weeks. Selfreported questionnaires used were the Falls Efficacy Scale (FES), Tampa Kinesiophobia Scale, Visual analogue scale (VAS), the 21-point Box Pain Scale, the Oswestry Questionnaire, SF-36 Questionnaire. Balance tests included . The outcome tests were administered by an investigator blinded to participant treatment condition. All study examiners were trained on the use of the NeuroCom balance master equipment and inter-rater reliability was verified. Participants were also given a 2-3 minute tutorial on the NeuroCom force plate prior to the beginning of their baseline tests in order to minimize any learning effect that might occur. A flow chart outlining the assessment, testing, randomization, and treatment for study participants is shown in Figure 1 .
Self-reported questionnaires
The Falls Efficacy Scale (FES) is a validated instrument with good test-retest reliability (Pearson's correlation 0.71) that measures fear of falling and is a measure of functional decline among the elderly. The highest FES scores characterizing lower self-efficacy or confidence are seen in people avoiding essential activities of daily living because of fear of falling [27, 28] . Visual analogue scale (VAS) -The VAS is a 0 to 10 scale that reliably measures subjective pain experience and is used extensively in musculoskeletal pain studies [29, 30] . Increased VAS pain scores correlate with increased self-rated disability [31] . The 21-point box scale assesses current, past and usual pain with a series of horizontal boxes labeled from 0-100 in 5-point increments with verbal anchors at 0 ("No Pain") and 100 ("Pain as bad as it could be").
This scale has been validated and is recommended for pain assessment in older adults [31, 32] . The Oswestry Questionnaire evaluates changes in patient function and evaluates capability to perform day-to-day activities or the level of impairment occurring as a result of a spinal condition and has a reliability coefficient ranging from 0.83 to 0.99. A score of 0 on the questionnaire indicates the complete absence of a disability, whereas 100 indicates an incapacitating condition [33] . The SF-36 Questionnaire is a generic health questionnaire that is used in conjunction with disease-specific questionnaires to obtain a wide perspective of the burden of patient ill health. The responsiveness of the SF-36 questionnaire can be a useful adjunct in the assessment of patients with low back pain when combined with disease-specific questionnaires [34] . Tampa Scale for Kinesiophobia is a measure of how a patient's fear of movement relates to their fear of re-injury. The patient rates 17 statements that indicate whether movement related pain is a warning for re-injury. Several studies have found the scale to be a valid and reliable psychometric measure [35] [36] [37] .
Balance tests
The Berg Balance Scale (BBS) is a functional test that assesses a patient's ability to maintain balance, Figure 1 Flow chart of participant enrollment, randomization, treatment and testing.
either statically or while performing various functional movements, and is considered to be the gold standard among functional balance tests. The maximum score of 56 denotes good balance and a score of 45 is required for safe independent living. The test has an interrater reliability intraclass correlation coefficients of 0.98; intrarater reliability intraclass correlation coefficient 0.99 [38] [39] [40] . The Timed Get up and Go (TGUG) is a sensitive and specific timed functional gait and balance test for identifying community dwelling and frail adults who are at risk for falls. It involves the patient getting up from a chair without using their arms, walking 3 meters, turning and walking back to the chair and sitting down. Mobility impairments are directly related to the time needed to complete the test [41] [42] [43] . The mean (95% confidence interval) TUG time for individuals at least 60 years of age is 9.4 (8.9 -9.9) seconds [44] . Individuals whose TUG time exceeds this may warrant interventions directed at improving their strength, balance, and/or mobility. Performance-oriented mobility assessment (POMA), also known as the Tinetti balance and gait scale, is one of the most widely used assessments of balance, gait, and falls risk in older adults. The POMA includes an evaluation of balance under static and dynamic conditions and an evaluation of gait characteristics. A score of less than 19 out of 28 has a sensitivity of 68% and a specificity of 88% for predicting an individual who will have two or more falls [45] [46] [47] .
The NeuroCom Balance Master is a computerized testing system used to identify ankle and knee contributions to weight shifting during balance and evaluate the ability to integrate the somatosensory, vestibular and visual systems that interact during normal balance.
The NeuroCom Limits of Stability Test (LOS) assesses a patient's ability to control voluntarily sway to various points and maintain stability at each position for brief periods of time. For each of eight trials, the patient maintains their center of gravity (COG) over the base of support as indicated by a cursor display of the COG position relative to a center target. On command, the patient moves the COG cursor as quickly and accurately as possible towards a second target located on the LOS perimeter (100% of theoretical limits of stability) and then holds a position as close to the target as possible. The patient is allowed up to 8 seconds to complete each trial. The limits of stability measures the maximum distance a person can lean in various directions without losing balance as well as measuring the reaction time, speed, direction, and distance of the COG (Figures 2 and 3) .
The scores shown in Figure 2 indicate that this subject had a slower reaction time and movement velocity when leaning forward and to their left. However, compared to others in their age range, the distance they could move their COG to the target (max excursion) was above average in each direction as was their directional control. Compare this with the scores of a second subject (Figure 3) . Of specific note are the overall decreases in max excursion and directional control in each of the eight trials, specifically when attempting to move in the backward direction. Decreased values of any of the parameters can predict an increased fall risk, instability during weight-shifting activities, and inability to perform weight-shifting activities [48, 49] . The NeuroCom LOS test has shown a test-retest reliability ranging from high to low across the LOS measures (ICC2,k 0.82 to 0.48) and concurrent and construct validity of the LOS tests are not definitively established [50] . [51, 52] . Increased sway velocity leads to postural instability, especially when performing tasks on an unstable surface or in low light or darkness. Due to the learning effect that happens when performing the test, a criterion of an 8 point improvement in the composite score is needed to indicate improvement in balance function [53] .
Treatments
Both physical therapy and chiropractic treatments were provided at the Saint Louis University School of Medicines' Center for Biomedical and Healthcare research. Evidence based practice guidelines were followed by the chiropractors and Physical Therapist in determining treatment options for each individual patient in the study. Chiropractic care was delivered by a licensed chiropractic physician and based on standard examination findings, including orthopedic testing, range of motion assessment, and evaluation of pain or tenderness. Palpation also documented changes in tissue, asymmetry or misalignment. Chiropractic care focused on the thoracic and lumbar spine and the lower extremity and included any combination of the following treatment options: manipulation, mobilization, flexion-distraction therapy and stretching and gentle soft tissue therapy with the goal of increased joint mobility, restoration of normal function, and increased flexibility. Physical therapy was delivered by a licensed Physical Therapist and based on patient history, initial patient evaluation, and examination findings. Physical therapy techniques may include any combination of the following treatment options: TENS units, interferential electrical stimulation, ultrasound, flexibility stretches, muscle endurance and strength training exercises, neuromuscular reeducation as well as instruction on proper posture and lifting techniques, safety training, and education on a home exercise program.
Study population
All participants enrolled in this study reported had selfreported balance problems, and 72 participants (47%) had a history of falls. One hundred and eighteen participants (70.2%) reported current low back pain (LBP) at baseline testing, and 50 participants (29.8%) reported no back pain. The presence of back pain had no effect on randomization and was identified at baseline testing with the VAS and 21 point box pain scale. Eighty five participants (50.6%) were randomized into the physical therapy group and eighty three (49.4%) were randomized into the chiropractic care group. The physical therapy group consisted of fifty seven participants (67.1%) with LBP and twenty eight participants (32.9%) without LBP. The chiropractic group consisted of sixty one participants (73.5%) with LBP and twenty two participants (26.5%) without LBP. The number of participants enrolled met power calculations for adequate sample size.
Data analysis and sample size
This randomized, controlled mixed-model design included a repeated measures variable for time (baseline, week 6, & week 12) and a between subjects variable for treatment (chiropractic vs. physical therapy). This intention-to-treat design data analysis included a mixed-model analysis of variance (ANOVA) (p < 0.05) for each outcome measure, with a Bonferroni correction of p < 0.017 for the main balance measures and p < 0.025 for main pain measures (SPSS Statistics version 20.0, IBM Corp., Somers, NY). The power to detect a main effect of study group (chiropractic vs. physical therapy) is a function of sample size (n = 75 per group) and the alpha level of 0.05 for Figure 2 The NeuroCom limits of stability test (LOS) measuring reaction time, movement velocity, end point excursion, and directional control during controlled voluntary shifting of the center of gravity. This graph shows slower reaction time and movement velocity, especially leaning forward and left. The maximum excursion and directional control was above average compared to their age cohort. statistical significance. At a power level of 1-β = 0.80, this study was sufficiently powered to detect a main effect of treatment group at effect sizes of f > 0.19 to evaluate the primary study outcome measures. The values of the f effect size are interpreted as follows: 0.10-0.24 is considered small effects, 0.25-0.39 is considered medium effects, and values > 0.40 are considered large effects [54, 55] . Data will be screened prior to the main data analysis following standard procedures [56] .
Discussion
While they represent the fastest growing segment of the population, only 4.6 percent of adults over the age of seventy utilize chiropractic care [57] . Studies involving chiropractic care as a treatment option for balance problems in this age cohort also remain under represented [1, 25] . There remain important research questions we hope to address in this study. Consistent with the goals of evidence based care, increasing the number of effective patient treatment options is a primary aspect of this study. A direct comparison between chiropractic care and physical therapy outcomes adds to the evidence based guidelines for the geriatric patient. To further define the effectiveness of specific treatments on patient reaction time, postural control, and gait characteristics, multiple functional performance tests and self-report questionnaires were performed.
The strength of this study included well-defined treatment protocols, with equal numbers of participants and gender representation randomized into those groups. The gender allocation in this study was comparable to that of the general geriatric population. Even though LBP was not considered in the randomization process, there were an equal number of participants with LBP in the chiropractic care and physical therapy groups. There was also a comparable distribution of participant comorbidities between the two treatment groups. To ensure consistency of care, all treatments were provided by the same chiropractor and physical therapist, both having previous experience focusing on geriatric care. Considering the advanced age of some participants, completion of all testing sessions was issue. Some potential subjects had difficulty acquiring transportation to and from clinic sites. Older adults who resided in long term care facilities, were home bound, or did not speak English were not represented in this study.
Many novel therapies and rehabilitation techniques involving older adults with postural control problems are of unknown effectiveness and warrant further investigation [55] . This randomized controlled clinical trial compared chiropractic and physical therapy for older adults with balance problems and with or without low back pain.
Conclusion
The methodology and patient demographics from a 4-year prospective, randomized controlled double blinded clinical trial is presented. This study evaluated chiropractic or physical therapy as a treatment for geriatric patients with balance disorders and with or without low back pain.
Consent
Written informed consent was obtained from all study participants. University ethics committee approval was obtained for this study.
